In neonatal units, breastfeeding is a crucial part in the management of preterm infants. Its short- and long-term medical benefits were largely documented, as its immunological and nutritional values with implications for neurological development (via very long chain fatty acids and antioxidants), its earnings on digestive functions (with better absorption and a lower risk of necrotizing enterocolitis \[NEC\]) and its efficiency to decrease the incidence of infectious diseases.[@JR150033-1] However, some infections, such as cytomegalovirus (CMV), can also be transmitted through breast milk.

The severity of congenital CMV infection is not discussed, but the knowledge about the severity of postnatal infections has evolved. First, feared because of a high morbidity and mortality, they were linked to transfusion-acquired CMV infections in infants of seronegative mothers, not protected by maternal antibodies.[@JR150033-1] [@JR150033-2] Since, preterm infants receive blood from a donor with negative CMV serostatus and the main source of CMV transmission is via raw breast milk from mothers with a positive-CMV serostatus. The CMV reactivation in breast milk is around 100%.[@JR150033-1] [@JR150033-3] These infections are common, with negligible morbidity in term infants. In preterm infants, however, postnatal CMV infections can be described as asymptomatic or symptomatic with mild or severe symptoms such as sepsis-like symptoms.[@JR150033-1] [@JR150033-2] [@JR150033-3] [@JR150033-4] No technique is actually available to preserve the nutritional value of breast milk and clear all viruses: pasteurization is effective to clear the virus, but significantly affect the nutritional and immunological values while freezing preserve the milk but do not clear all viruses.[@JR150033-4]

International guidelines agreed about the noncontraindication to breastfeeding for full-term infants whose mother is seropositive for CMV. On preterm infants, they agreed about a contraindication but it was increasingly criticized and the guidelines now differ on that subject.[@JR150033-1] [@JR150033-4] [@JR150033-5] [@JR150033-6] Since 2012, the American Academy of Pediatrics has recommended nutrition through raw breast milk for all preterm infants. According to them, the very low risk of severe breast milk-acquired CMV infection is not associated with long-term neurodevelopmental abnormalities and do not offset the many advantages of raw breast milk. In France, the guidelines retained to not feed infants that are \< 32 weeks of gestation or \< 1,500 g with raw milk. We report a case of a very low-birth-weight infant (VLBWI) with a fatal breast milk-acquired CMV infection.

Case Report
===========

A preterm boy was born from a monochorionic--diamniotic pregnancy with a twin-to-twin transfusion syndrome. At 27 weeks, he presented a severe inadequate intrauterine growth and his twin presented an absent umbilical artery diastolic flow with reversed ductus venosus a-wave flow and untrained heart. The treatment by intrauterine laser ablation of placenta vessels failed. The twins were born by cesarean section at 27 weeks and 4 days of gestation. His birth weight was 550 g.

During the first month, he developed bronchopulmonary dysplasia (with invasive ventilation during 37 days), patent ductus arteriosus permanently closed by second drug treatment on the day of life (D) 9 and persistent anemia which required three transfusions on D0, D10, and D29. He was fed by nasogastric tube with his raw mother breast milk from D12 (29 weeks and 4 days, 690 g). His mother\'s breast milk was unpasteurized, not frozen, stored at 4°C, and given within 24 hours. He remained clinically stable.

From D39, he presented with bronchospasms associated with profound bradycardia and desaturation. On D40, food intolerance appeared, leading to the introduction of a new central catheter for total parenteral nutrition. He did not receive enteral nutrition again. On D45, he required an external cardiac massage with a new emergency intubation. Transfontanellar ultrasound and electroencephalography showed a global brain injury.

In this context, laboratory tests showed a persistent moderate inflammation (C-reactive protein around 12 mg/L and orosomucoid around 1.8 g/L) with thrombocytopenia ([Fig. 1](#FI150033-1){ref-type="fig"}) and elevated aspartate aminotransferase and alanine aminotransferase (around 170 and 65 IU/L from D39 to D55, respectively) but without bacteriological evidence. He did not improve with antibiotic therapy, which included cefotaxime, gentamicin, and vancomycin from D39 to D49. Viral searches, performed on D49, showed positive CMV viruria, positive blood CMV polymerase chain reaction (PCR) (300,000 copies/mL), with, on D52, presence of CMV-specific immunoglobulin M (IgM) (60 units/mL), and absence of CMV-specific IgG.

![Evolution of blood counts and CRP levels. \*, blood transfusion; CRP, C-reactive protein; Day, day of life; Hb, hemoglobin.](10-1055-s-0035-1566249-i150033-1){#FI150033-1}

On D52, he deteriorated further with renal failure associated with septic shock may be caused by a secondary coinfection with methicillin-sensitive *Staphylococcus aureus* found in one hemoculture and a tracheal sample (C-reactive protein \[CRP\] = 209 mg/L, platelet count of 30,000/mm^3^, decreased prothrombin to 43% but sterile central catheter, second hemoculture, and spinal cord fluid cultures). Without amelioration under antibiotics and supportive treatments, the infant remained with a hemodynamic instability and presented a fatal cardiac arrest on D54. Because of the short period of time between viral searches results and the deterioration leading to death, the antiviral treatment was neither discussed nor administrated.

The PCR done on maternal breast milk on D53 was positive too. The maternal CMV serologies done at the beginning of pregnancy, the day of delivery, and just after the death of the infant, showed virus-specific IgG without virus-specific IgM. The CMV PCR done on Guthrie test on D3 and on infant\'s urine on D4 was negative. The three transfusions were done according to a single-donor protocol with CMV-negative blood. After the death of the infant, the CMV PCR done on a residual sample of transfused blood was negative too.

During the same period, his twin developed bronchopulmonary dysplasia complicated by a patent ductus arteriosus closed by surgery after two drug treatment failures. Because of the twin-to-twin transfusion syndrome, he presented polycythemia and jaundice. He did not require a blood transfusion. As his twin, he was fed with raw breast milk by nasogastric tube from D12 (29 weeks and 4 days, ∼1,000 g). He remained clinically stable. On D54, due to his brother\'s death, viral searches were performed. It showed positive CMV viruria with blood positive CMV-PCR (40,000 copies/mL) with CMV-specific IgM and IgG (7 IU/mL), without any biological and clinical symptom. The CMV PCR done retrospectively on Guthrie test (done on the D3) was negative.

The autopsy revealed numerous hemodynamic lesions (peritoneal and bilateral pleural effusions, hepatomegaly mottled with blood, renal necrosis, mucobloody stools, and two sites of meningeal hemorrhages). The histological examination showed a global depletion of lymphocytes. In the liver, hepatitis, cholestasis, and necrosis were seen. Typical "owl eyes" inclusions, specific signs of CMV, were seen in lungs (pneumocytes and lung macrophages, reflecting a CMV pneumonia) ([Fig. 2](#FI150033-2){ref-type="fig"}), in tubular cells of kidneys with large necrosis destroying all tubular structures, in the liver, in the endothelium of the pancreas, and in capillaries of inflammatory adrenal glands. The stomach and the intestinal tract showed inflammation and large necrosis with cytonuclear dystrophy in the epithelium, evocative of CMV infection ([Fig. 3](#FI150033-3){ref-type="fig"}). The brain showed total inflammation associated with foci of neuronophagy in the basal ganglia (mainly thalamus) and the cerebral trunk, suggesting of CMV encephalitis. No cultures from liver, heart, lung, kidneys, spleen, meninges, or the choroids plexus showed the presence of *S. aureus*.
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Discussion
==========

In recent years, more and more cases of postnatal CMV infections with sepsis-like symptoms have been reported. In the literature, all reports of sepsis-like symptoms and multiple organ involvement concerned VLBWI. The clinical course was similar to our case with pneumonia and bronchospasms (which often required emergency intubation), hepatitis, cholestasis, hepatosplenomegaly, colitis, and disseminated intravascular coagulation requiring supportive treatment. In a majority of cases, treatment with ganciclovir was used and they subsequently recovered.[@JR150033-7] [@JR150033-8] [@JR150033-9] [@JR150033-10] Some cases showed a transient hearing impairment or a possibility of neurological delay. One case had moderate white abnormalities on the MRI, another required extracorporeal membrane oxygenation and was discharged with a tracheostomy on home mechanical ventilation[@JR150033-7] [@JR150033-8] [@JR150033-9] [@JR150033-10] and another was a case of fatal postnatal CMV infection in a VLBWI. In this one too, ganciclovir was used and the clinical course differed from the others, in the presence of a renal failure,[@JR150033-7] such as in our case.

In our department, before this case and even if it was not compliant with the French recommendations, all the preterm infants were fed with raw breast milk. It was done considering the incomparable nutritional and immunological values of raw breast milk, its documented short- and long-term medical and neurodevelopmental advantages, the absence of available technique to destroy all viruses and preserve the milk, the absence of any symptomatic postnatal CMV infection in our department, and the positive psychological impact on mothers. The parents were informed about the benefits of raw breast milk and the risk of bacterial infections, prevented by milk samples for bacterial research, but the risk of viral infections (not specifically CMV) was briefly mentioned.

After this case, it was decided to feed infants with a weight under 1,500 g with pasteurized women milk from the milk bank and to feed them with their mother\'s milk (frozen or raw) after they reached 1,500 g: a protocol was written.

For the time being, it seems that there is no predicting factor for CMV infections or its severity, but the population concerned seems to be the VLBWI with a growing number of reported cases about severe breast milk-acquired CMV infection. In our mind, even if the French contraindication of raw breast milk before 32 weeks or 1,500 g appears to be exaggerated, its recommendation in all preterm infants has to be discussed again. The preferable way to feed a preterm infant could not be found only on the term and weight, but required careful thought on his health status, including his comorbidities and weaknesses identified at a certain point, to balance the benefits and risks of raw milk. In our opinion, an individual decision should be preferred to general guidelines. However, the discussion is complicated by the fact that, in our cases, his twin was also fed with raw breast milk, but developed an asymptomatic CMV infection and did not present significant difference to the patient, except the transfused anemia and their weight.

Nonetheless, some caveats need to be considered. No genotyping of the CMV was done on infant\'s or mother\'s samples to prove the transmission. Recent studies about postnatal CMV infections showed that some could be attributed to a failure to prevent transfusion transmitted-CMV due to donors in the window phase of infection.[@JR150033-11] However, in our case, the transfusions were done according to a single-donor protocol with CMV-negative blood and the CMV PCR done on a residual sample of transfused blood was negative. Moreover, his twin also had a postnatal CMV infection and did not receive blood transfusions. Another caveat is that we did not perform genetic analyses to rule out immunodeficiency diseases. On congenital infection reports, immunodeficiency was observed in 11% of cases,[@JR150033-12] but our case was about a monochorionic--diamniotic pregnancy and his twin is now doing well, without any suspicion of immunodeficiency.

The low mortality rate explains the absence of autopsy in the literatures. To our knowledge, this is the first autopsy report about an infant with postnatal CMV infection. In congenital infection, the most commonly involved organs are the lungs and kidneys (with the presence of "owl eyes" inclusions in pneumocytes and tubule epithelium with necrosis), followed by liver (hepatitis, cholestasis, and necrosis), thymus, and brain. Seen less frequently are the lesions of heart, pancreas, and adrenal glands. The "owl eyes" inclusions can be present in all organs and were found predominantly in the epithelium and very few in the endothelium. There is no description of the digestive tract or other organ involvement in congenital infection.[@JR150033-12] [@JR150033-13] [@JR150033-14]

In our case, the same organs are involved with typical "owl eyes" inclusions in lungs, kidneys, and liver and lesions, suggesting a CMV infection in brain, pancreas, and adrenal gland. In the pancreas and adrenal gland, the inclusions are situated in the endothelium and very few in the epithelium. Contrary to congenital infection, the digestive tract was involved and the lesions are the same as those seen in adult infections and could be a sign of contamination via the digestive tract.

Previous reports described that CMV infection is straightforward when typical "owl eyes" inclusions are present[@JR150033-12] [@JR150033-14] and that the infection tended to be systemic when "owl eyes" inclusions are present in the liver,[@JR150033-12] therefore, we can assume that it was a systemic CMV infection. However, to confirm that the lesions in brain, pancreas, adrenal glands, and digestive tract are due to the CMV, immunohistochemical studies using anti-CMV antibody are necessary and were, unfortunately, not done.

Enteritis often occurs in immunocompromised adults and feeding intolerance is a described manifestation of CMV infection in infants. It can mimic NEC and can require surgical intervention.[@JR150033-2] [@JR150033-15] In our case, the histological examination revealed inflammation and large necrosis of the digestive tract, which are also typical lesions of the NEC. The pathogenesis of digestive tract involvement in CMV infection and its link with NEC are still unclear. Previous studies about the clinical manifestation of postnatal breast-milk acquired CMV infection did not report NEC[@JR150033-6] [@JR150033-16] or reported it without no significant difference with the group of preterm infant without postnatal CMV infections.[@JR150033-5] [@JR150033-17]

In postnatal infections, we can see a global depletion of lymphocytes without important inflammation: in congenital infection, it has been attributed to an immature cellular immune reaction associated with prematurity and showed that cellular damage is mostly caused by a direct cytopathic effect of CMV rather than immunologic reaction.[@JR150033-12] We can assume that it is the same physiopathology in postnatal infection of VLBWI.

CMV infection is commonly associated with neutropenia, but there is no increased risk of bacterial infection described in the literature.[@JR150033-6] [@JR150033-7] [@JR150033-8] [@JR150033-9] [@JR150033-10] In our case, the postnatal CMV infection was associated with a secondary co-infection of methicillin-sensitive staphylococcus aureus. On the day of clinical deterioration, a positive hemoculture and a positive trachea sample with an elevation of CRP could not be explained only by the CMV infection. However, one of the hemoculture done the same day as the spinal cord fluid and the catheter cultures, was sterile and there is no bacterial evidence in the different organs cultures done during the autopsy. The damage found in the organs was characteristic or suggesting a CMV infection and the infant had a high level of viremia. This seemed to show that the CMV infection was the proximate cause of his deterioration.

In developed countries, the number of preterm infants and VLBWI is increasing. Given the CMV reactivation in breast milk, the incidence of CMV in women general population, and the risk of symptomatic infection in VLBWI, CMV must be considered in all VLBWI presenting with late-onset neonatal sepsis. For their optimal management, the development of an available technique to destroy all viruses and preserve the values of the milk would be a perfect solution, however, for now, an epidemiologic monitoring to identify cases is necessary to determine what the actual risk is and what the necessary and adequate preventive measures are.
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